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41   INTRODUCTION
The Finnish Environment Institute in co-operation with the Finnish Institute of Marine Research and Uni-
versity of Turku carried out in March 2007 a virtual microscopic intercomparison test for the identifica-
tion and counting of phytoplankton taxa. Until now the virtual microscopic tests have been organized in
clinical sector for cytologic, histopatologic and hematologic samples [1, 2 and 3]. With the test, the Fin-
nish Environment Institute assessed the suitability of this kind of testing for the intercomparison of phyto-
plankton enumeration and identification.
2   ORGANIZING OF THE INTERCOMPARISON TEST
1.1   Responsibilities
Contact person Senior researcher Irma Mäkinen, coordinator, SYKE, tel. +358 40 823 9956
Expert panel Professor Jiri KomÆrek, Bohemian University, Czech Republic
Hydrobiologist, professor Liisa Lepistö, SYKE
Researcher Kristiina Vuorio, University of Turku
Research assistant Maija Niemelä, SYKE
Scientist Seija Hällfors, FIMR
Research assistant Reija Jokipii, SYKE
Research assistant Maija Huttunen, FIMR
Address Finnish Environment Institute (SYKE), Laboratory, Hakuninmaantie 6,
FI-00430 Helsinki, Finland
Finnish Environment Institute (SYKE), Research Department, Programme for the
Integrated River Basin Management, P.O. Box 140,
FI-00251 Helsinki, Finland
 Finnish Institute of Marine Research (FIMR), Erik PalmØnin Aukio 1,
 P.O. Box 2, FI-00561 Helsinki, Finland
 University of Turku, Deparment of Biology, Section of Ecology, FI-20014
 Turku, Finland
Telecopy +358 20 490 2890 (Laboratory), +358 20 490 2390 (Research Department,




1.2    Participants
Altogether 35 experts from six countries and 27 different laboratories participated in the virtual inter-
comparison test (Appendix 1). Of these participants 20 were from Finland, six from Sweden and Ger-
many and one from Denmark, Norway and Great Britain, respectively. All 35 participated in the techni-
cal counting test, 32 of the participants took part in the freshwater taxa identification test whereas 20
participated in the brackish water taxa identification test.
5Participants were also encouraged to calculate the biovolumes of the selected taxa included in the tech-
nical counting test according to given dimensions. Altogether 32 participants calculated the requested
biovolumes. The biovolume calculations were not included into the actual intercomparison test and the-
refore these results were not included in the certificate.
2.3 Samples and their delivery
The intercomparison test consisted of two parts: the technical counting test and the identification test.
The identification test consisted of separate tests for the freshwater and brackish water taxa.
• For the technical counting test 24 video clips were taken from a composite sample with three
different taxa cultivated in the laboratory.
• For the test of freshwater taxa identification 29 different freshwater phytoplankton species were
video taped. Accordingly, for the brackish water taxa identification test 10 brackish water phy-
toplankton species were photographed.
Material for the intercomparison tests was burned on CD ROMs which were posted to all participants
in February 2007.
Participants were asked to return their results before the March 10, 2007. However, also the results re-
turned after the deadline were accepted.
2.4   Testing of samples
The video clips for the technical counting test and for the freshwater taxa identification test were taken
by Maija Niemelä (SYKE) and the photographs for the brackish water taxa identification test were ta-
ken by Seija Hällfors (FIMR). Professor Jiri KomÆrek (Bohemian University, Czech Republic) was in-
vited to act as a specialist of phytoplankton taxonomy in the expert panel.
The arrangements, method of implementation and the results of the intercomparison test, the identifica-
tion and the counting of taxa and the biovolume calculations were also preliminarily discussed during the
phytoplankton workshop, held in Helsinki April 1719, 2007. Altogether 25 of the participants of the
intercomparison test took part in the workshop.
2.5   Comments sent by the participants
In all, participants were satisfied with the set-up of virtual intercomparison tests and gave valuable sug-
gestions on how to improve the virtual testing. The more detailed comments dealt with the identification
and counting of taxa, the used nomenclature, focusing of the video clips and the number of individuals of
the same taxa in video clips as well as how to present the grid edges in the video clips (Appendix 2).
3.     RESULTS AND DISCUSSION
3.1   Technical counting test
For the technical counting test 24 video clips, representing separate microscopic views, were taken
6from composite samples with laboratory strains of the genera Desmodesmus, Cryptomonas and Rap-
hidocelis. Participants were requested to count the cell numbers of each taxon from the video clips. The













































































































































































Figure 1.  The frequency distribution of cell counts for the three taxa in the technical counting test. The 
median value for each taxon used as a reference is indicated with black colour. 
7The deviations of each participant were reported in the certificates. The average percent (%) deviation
from the median cell numbers of all participants was 1.8 % for Raphidocelis, 1.6 % for Desmodesmus
and 2.6 % for Cryptomonas. In general, the deviations from the median cell numbers were relatively
small. The high deviations of 6.0-12.0 % may result from the fact that no exact instructions for the enu-
meration procedure were given and all participants may not have been aware of the standard counting
procedures [4, 5 ja 6]. The new standard for phytoplankton enumeration shows an example how to









Figure 2.  An example for the counting of cells at the edge of the field. For example, algal objects cros-
sing both the top and left hand side of the grid are not counted whilst those crossing the bot-
tom and right hand grid are counted. Key for the figure: Y = counted, N = not counted [5].
3.2  Freshwater taxa identification test
The identification test of the freshwater taxa consisted of 29 video clips. Two of the video taped taxa,
however, appeared to be difficult to identify. The expert panel agreed that the identification of the video
clips ab and ad were contradictory and more individuals should have been video taped for the accurate
identification. Therefore, video clips ab and ad were rejected and the final number of taxa included in
the freshwater taxa identification test was reduced to 27. The accepted identifications are shown in
Appendix 3.
Only seven participants identified the Nostocalean cyanobacteria Anabaena fusca Hill. The expert
panel suggests that small species, such as Chrysochromulina and Pseudopedinella should be identified
to the genus level because the characteristics needed for the species level identification cannot be seen
with a light microscope alone. Some participants were also unfamiliar e.g. with the cyanobacterial
species Radiocystis geminata Skuja and Rhabdoderma lineare Schmidle et Lauterborn 1900 and the
chlorophyte Willea wilhelmii (Fott) KomÆrek.
Due to the trial nature of the virtual intercomparison test, in many cases identification to the genus level
was considered satisfactory. The expert panel agreed that the total number of 20 (ca 75 %) satisfactori-
ly identified taxa was a good result. The average number of satisfactorily identified taxa was 22 taxa, mi-
nimum 11 and maximum 26 taxa (Figure 3). The participants felt that in the virtual test a slightly lower
number of satisfactory identifications should have been acceptable than in the tests performed with the
microscopic identification of natural subsamples (Appendix 3). Appreciating the accepted level of identi-
fication the expert panel considered the stated level of 20 to be reasonable.
Altogether 25 (78 %) of the 32 participants had 20 or more (≥ ca 75 %) satisfactory answers, which







































= 20/27 satisfactory  < 20/27 satisfactory
 
Figure 3. Results of the freshwater taxa identification test. Black circles represent the participants who
had 20 or more (≥ ca 75 %) satisfactory answers and open squares represent participants
who had less than 20 (<75 %) satisfactory answers.
3.3  Brackish water taxa identification test
The identification test of brackish water taxa consisted of 10 photographs. Some photographs contai-
ned more than one taxon which caused confusion among the participants. However, all participants had
identified the taxon which was most abundant in the photographs. Therefore, proper identification of the
most abundant taxon was considered a satisfactory answer. As a result, 10 taxa were included into the
final test. The average number of satisfactory answers was 9 taxa, minimum 5 and maximum 10
(Figure 4). The accepted identifications are shown in Appendix 3
The expert panel agreed that the satisfactory identification of eight taxa (75 %) was a good result. On
the whole, the success of participants in the brackish water taxa identification test was excellent. Out of
20 participants as many as 18 (90 %) identified satisfactorily the brackish water taxa, and altogether ni-
ne participants identified all requested taxa.




























= 8/10 s atis factory  < 8/10 s atis factory
Figure 4. Results of the brackish water taxa identification test. Black circles represent participants with
eight or more (≥ ca 75 %) satisfactory answers and open squares represent participants with
less than eight (<75 %) satisfactory answers.
3.4  Biovolume calculations
A EU-standard for the phytoplankton biovolume determinations is currently in preparation
(CEN TC230 WG2 TG3: Phytoplankton biovolume determination [7]). It recommends that phyto-
plankton biovolumes of the given genera (Cryptomonas, Desmodesmus and Raphidocelis) should be
calculated according to the formulas represented in Table 1 [7]. Biovolumes for the given taxa were cal-
culated using the given cell dimensions (Table 2).
Table 1. Cell shapes and suggested formulas for the biovolume calculations. In formulas: V = volume,
h = height, d = diameter, d1 = width, d2 = depth. The depth for the Cryptomonas cells was not
given, but according to the video clips the depth of the cells was ca 80 % of their width.
Therefore the value of 8.8 (0.8 * d1) was used as the depth of the Cryptomonas cells.
Taxon Cell shape Formula
Raphidocelis: double cone1)  V = 1/12*pi*d2*h
Desmodesmus: rotational ellipsoid  V = 1/6*pi*d2*h
Cryptomonas: flattened ellipsoid  V = 1/6*pi*d1*d2*h
1)
 At present the standard in preparation suggests a formula of a double cone for Raphidocelis biovolume
calculation. However, the correct shape of the cell should be monoraphidioid:
V = 1/8*(2b-d+a)*(1/6*pi2+1) where a = large diameter of ellipse and b = small diameter of ellipse
(CEN TC230 WG2 TG3, pages 8-10, [7]).
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Table 2. Cell biovolumes as calculated according to the formulas suggested by the standard in prepara-
tion (CEN TC230 WG2 TG3: Phytoplankton biovolume determination, [6]), the average, mini-
mum (Min) and maximum (Max) cell biovolumes (µm3) given by the participants as well as
standard deviations (SD) and the percentage of SD from the average value (SD%), n=32.
Taxon Standard Average Min Max SD SD%
Raphidocelis      10              21     6     36     9     43
Desmodesmus    157   170   92     54   21   628
Cryptomonas    912   880   46 1140 238     27
Altogether 25 of the 32 participants determined the biovolume of Desmodesmus using the geometric
shape of an ellipsoid as suggested by the standard in preparation (Table 1). The biovolume calculations
of Raphidocelis seemed to be more problematic. Participants used geometric shapes of double cone
(10), ellipsoid (10) or flattened ellipsoid (8) for Raphidocelis biovolume calculations. According to the
standard in preparation the recommended shape is double cone, although the more proper geometric
shape should be a monoraphidioid (see the footnote in Table 1). The geometric shapes used for the
Cryptomonas biovolume calculations were rotational ellipsoid and flattened ellipsoid, of which the flat-
tened ellipsoid was the shape suggested by the EU standard in preparation. The depth of the Crypto-
monas cell was also difficult to determine which caused high variation in the biovolume calculations
(Table 2).
Since the EU-standard for the phytoplankton biovolume determinations is currently in preparation [6],
the performance of the participants in the biovolume calculations was not evaluated.
4   SUMMARY
The Finnish Environment Institute in co-operation with the Finnish Institute of Marine Research and Uni-
versity of Turku carried out the virtual microscopic intercomparison test for the identification and coun-
ting of phytoplankton in March 2007. With this test, the Finnish Environment Institute assessed the suita-
bility of this kind of testing for the intercomparison of phytoplankton taxa. Altogether 35 participants
from six European countries took part in the test. After the intercomparison test the results were discus-
sed at a workshop held in April 2007.
For the technical counting test 24 video clips were taken from a composite sample with three different
taxa cultivated in the laboratory. In the counting test the average deviations from the median cell num-
bers varied from 1.6 % to 2.6 %. The overall deviations were relatively small, although the maximum
deviation from the median was as high as 12 %.
The freshwater identification test included video clips of 27 different taxa and the brackish water identifi-
cation test consisted of photographs of 10 different taxa. In the identification tests the total number ca
75 % satisfactorily identified taxa was considered as a good result. Altogether 78 % of the participants
identified 20 or more freshwater taxa satisfactorily. In the brackish water taxa identification test the cor-
responding value was 90 %.
Virtual microscopic tests are frequently applied in clinical sector. To our best knowledge, this was the
first time when virtual testing was applied in the species identification and enumeration of phytoplankton
taxa. The results of this intercomparison test show that the procedure can also be applied in phytoplank-
ton intercomparison tests, both in testing the species identification and phytoplankton enumeration skills.
11
The virtual procedure allows all participants to receive the completely identical material avoiding variabi-
lity between subsamples, which seems to be a common problem in microscopic intercomparison tests
using natural samples. However, preparation of the material for virtual testing is time consuming and
therefore the virtual tests are moderately expensive to organize.
In all, participants were satisfied with the set-up of the virtual intercomparison tests. The comments and
suggestions given by the participants will be valuable in improving and developing the virtual testing.
Furthermore, to gain all the profit from the test, each testing (counting and taxa identifications) should be
discussed in details in a workshop afterwards.
5   YHTEENVETO
Suomen ympäristökeskus järjesti yhteistyössä merentutkimuslaitoksen ja Turun yliopiston kanssa virtu-
aalisen kasviplanktonin teknistä laskentaa sekä järvissä että murtovedessä esiintyvien kasviplanktonlajien
tunnistusta testanneen vertailukokeen. Tähän asti virtuaalista vertailua on käytetty lähinnä kliinisellä sek-
torilla. Nyt järjestetty koe testasi tämän menettelyn soveltuvuutta kasviplantonanalyysin vertailuun. Testiä
varten kolmelle CD:lle tallennettu aineisto toimitettiin kaikille osallistujille samassa muodossa. Virtuaali-
sessa testauksessa voidaan välttää usein luonnonolosuhteista otetuissa näytteissä esiintyvä osanäytteiden
välinen vaihtelu. Vertailuun osallistui yhteensä 35 tutkijaa yhteensä kuudesta Euroopan maasta.
Vertailu koostui kahdesta erillisestä testistä. Teknistä laskentatestiä varten videoitiin kolmesta eri puhdas-
viljelmänäytteestä yhdistetystä näytteestä yhteensä 24 video-otosta, joista kukin vastasi mikroskoopin
laskentaruudukon alaa. Tunnistusosuutta varten toimitettiin 27 videokuvaa makeissa vesissä ja 10 valo-
kuvaa murtovedessä esiintyvistä kasviplanktontaksoneista. Asiantuntijapaneeli varmisti määritysten oi-
keellisuuden. Vertailun tuloksia käsiteltiin myös Helsingissä huhtikuussa 2007 järjestetyssä seminaarissa.
Teknisessä laskentatestissä keskimääräiset poikkeamat solulukujen mediaanista olivat suhteellisen alhai-
sia  1,6 % - 2.6 %. Makeitten vesien lajintunnistustestissä hyvänä tuloksena pidettiin 20 taksonin hy-
väksyttävää tunnistamista 27 annetusta taksonista (≥ 75 %). Tähän tulokseen pääsi 78 % osallistujista.
Murtovesitaksonien tunnistuksessa hyvänä tuloksena pidettiin 8 taksonin hyväksyttävää tunnistamista an-
netuista 10 taksonista (≥ 75 %). Hyvän tuloksen murtovesilajien tunnistuksessa saavutti 90 % osallistu-
jista.
Nyt toteutetussa vertailussa virtuaalista testausmenetelmää sovellettiin ensimmäistä kertaa kasviplankto-
nin teknisen laskennan ja tunnistuksen arviointiin. Vertailun tuloksia voidaan pitää lupaavina. Vastaavia
testejä on aiheellista kehittää edelleen ja niiden järjestämistä on syytä jatkaa. Virtuaalisessa testauksessa
kaikille osallistujille voidaan toimittaa täsmälleen samanlainen aineisto, jolloin voidaan välttää osallistujille
alkuperäisestä luonnonvesinäytteestä jaettujen osanäytteiden välinen vaihtelu.
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APPENDIX 2. COMMENTS SENT BY THE PARTICIPANTS 





The old name Anabaena ellipsoides was used – the new name Anabaena fusca was accepted. 
 
If the routine level should be taken seriously, the species should be identified only as far as pos-
sible in the counting microscope. Smaller centric diatoms should not be determined further than 
to size groups and most Aulacoseira species to spp. The Anabaena fusca, only known from a 
single publication, is tricky. The Tabellaria flocculosa/fenestrata species are impossible to tell 
exactly apart in the counting microscope. The photos/videos are even worse. Here the well 
known Radiocystis geminata and Rhabdoderma lineare could be mistaken for several other 
things and Pseudopedinella might as well be a Pedinella, as the spines would disappear in the 
photo. So, the determination level was set too high. 
 
Should new or older names be used? We normally conserve the old names for the comparability 
within our many long term series and species determined by other laboratories. It is quite a job to 
change the names in all material every time a new name occurs, but the new names might of 
course be given in the Method descriptions. 
 
We are dealing with routine phytoplankton analysis, that should be carried through within a shor-
ter time period. In routine countings, species determinations should be possible from the more 
common determination literature and should be done only as far as a good phase contrast coun-
ting microscope allows. A slightly lower level must be accepted in a virtual test than a test per-
formed in a microscope. A higher species resolution only invites to too many false determina-
tions. The question of using new or old names should be discussed further. In the present test the 
species determination level was set too high and does neither match the routine level, nor the vir-
tual material sent around. 
 
I would have liked more pictures of each species, at least two. 
 
I would have liked to see it both in bright field and phase contrast 
 
It was very difficult to know if the person focusing just moved slightly up and down or if they 
moved through the whole focus depth. I would have preferred if the focus started on top and 
went through to the bottom and then back up again. 
 
Moving pictures were far better than still pictures. 
 
Biovolume calculation: 
The flattened ellipsoid-formula for the Cryptomonas was a good choice. However, Raphidocelis 
was not a double cone. Even if the EU standard suggests the double cone for the genus, one must 






The counting test is more simple than the intercomparison tests of full samples what were carried 
through several times in Denmark. The differences in the present test are small, as a counting er-
ror +/-20% is generally accepted. It might have been stated on beforehand, that the right side and 
the bottom were expected counted. I always use the left side and the bottom! In this test it does 
make a difference. But altogether, the counting test went quite well. 
 
I didn't know how to count cells lying on the edges of the pictures, which to include, which to 




Altogether we think, that you have done a great job with the intercomparison test. 
 






APPENDIX 3. SATISFACTORY ANSWERS CONSIDERED BY THE EXPERT 
 PANEL 
 
 Freshwater taxa: 
  
Video Taxon Reference 
B Acanthoceras (Attheya) zachariasii  
C Scenedesmus acuminatus Brébisson in Ralfs 1948 
Acutodesmus falcatus Chodat (sensu Krienitz 1987) 
Komárek & Fott 1983 
Krienitz 1987 
D Anabaena lemmermannii –group 
Anabaena flos-aquae v. laxa Skuja 
 
Skuja 1955 * 
E Anabaena fusca Hill Hill 1976 
F Aulacoseira tenella (Nygaard) Simonsen 
Aulacoseira distans var. tenella Nygaard 
Simonsen 1979 
G Ceratium hirundinella (O.F. Müller) Schrank  
H Chrysochromulina sp.  
I Cyanodictyon planctonicum Meyer Komárek & Anagnostidis 1999 
J Diatoma tenuis Agardh  
K Dinobryon crenulatum Ruttner  
L Dinobryon sociale Ehrenberg  
M Eunotia zasuminensis (Cabejszekowna) Körner  
N Gonyostomum semen (Ehrenberg) Diesing  
O Goniochloris fallax Fott  
P Mallomonas akrokomos Ruttner  
Q Mallomonas caudata Ivanov emend. Krieger  
Ab Taxon rejected  
Ac Phacus tortus Lemmermannii  
Ad Taxon rejected  
Ae Pseudopedinella sp.  
Af Quadrigula pfitzeri (Schröder) G.M. Smith Komárek & Fott 1983 
Ag Radiocystis geminata Skuja Komárek & Anagnostidis 1999 
Ah Rhabdoderma lineare Schmidle et Lauterborn1900 Komárek & Anagnostidis 1999 
Ai Rhizosolenia (Urosolenia) eriensis H.L. Smith  
Aj Fragilaria ulna (Nitzsch) Lange-Bertalot 
Synedra acus var. angustissima 
Synedra acus 
Synedra ulna 





Ak Tabellaria fenestrata/flocculosa/quadriseptata 
Tabellaria sp. 
 
Al Tabellaria flocculosa/fenestrata/quadriseptata 
Tabellaria flocculosa var. asterionelloides 
Tabellaria sp. 
 
Am Willea wilhelmii (Fott) Komárek Komárek & Fott 1983 
An Woronichinia naegeliana (Unger) Elenkin 1933 Komárek & Anagnostidis 1999 
 
*Anabaena lemmermannii f. laxa (Skuja) Cronberg & Komárek 1992 [basionym: Anabaena flos-
aquae v. laxa Skuja] 
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Comments by the expert panel:
Video E: Satisfactory answers: Anabaena fusca and Anabaena ellipsoides, characteristics: akinete + 1-2
vegetative cells + heterocyst + 1-2 vegetative cells + akinete, the answer Anabaena flos-aquae was not
accepted.
Videos H and Ae: Chrysochromulina sp. / cf. parva, satisfactory answer also C. parva, although the
characteristics needed for the species identification (organic scales) are not visible using a light microscope
alone. Pseudopedinella sp. / cf. tricostata, satisfactory answer also P. tricostata (the species identification
not satisfactory using a light microscope alone). (It depends, if you can count the number of chloroplasts 
P .elastica has six, P. tricostata has three).
Video Ac: Phacus tortus / longicauda, both species names satisfactory, both names given by the participants
as well as the expert panel members.
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